Surface plasmon polariton ͑SPP͒ excitation effects on the magneto-optical ͑MO͒ activity of Au capped Ag/Co/Ag trilayers are studied as a function of Co thickness. An enhancement of the transverse MO Kerr signal under SPP excitation as compared with that obtained without SPP excitation is measured with a maximum value of 150 times obtained for the trilayer with 8 nm Co. Such enhancement on the magneto-optical activity due to SPP excitation is also five times higher than that obtained in Au/Co/Au trilayers in similar conditions. The lower optical absorption in the studied range and the sharper plasmon resonance of Ag vs Au are responsible for these values. On the other hand, magnetic field-induced SPP wavevector modulation ͑⌬k / k͒ SPP is studied for these trilayers and compared both with previous results in the Au/Co/Au system as well as with the theory. In the wavelength considered here, the obtained values are similar for both Ag-and Au-based structures and on the order of 10 −4 , pinpointing the role of the magnetic layer on the SPP wavevector modulation.
I. INTRODUCTION AND MOTIVATION
It is well known that at the interface between two media with dielectric constants of opposite sign, such as a metal and a dielectric, it is possible to excite electromagnetic waves named surface plasmon polaritons ͑SPPs͒. [1] [2] [3] Due to their specific properties, there has been an increasing interest in the last years in the development of applications based on these waves, constituting the field commonly denoted as plasmonics. On the one hand, SPP characteristics are strongly dependent on the optical properties of both metal and dielectric media, which makes them useful for the development of biological sensors. [4] [5] [6] On the other hand, SPP modes are evanescent waves strongly bounded to the metaldielectric interface with the potential to overcome the light diffraction limit and therefore they become suitable candidates for light guiding at the subwavelength scale [7] [8] [9] or for super resolution far-field optical microscopy. 10, 11 One step further in the progress of plasmonics is associated with the development of active plasmonic devices, that is, the realization of materials combinations or configurations that allow the control of SPP properties by an external agent. [12] [13] [14] An interesting option for being used as SPP external control agent is the magnetic field. 15, 16 The magnetic field ability to affect the properties of surface-plasmon polaritons in highly doped InSb semiconductors has been known for a long time. 17 This effect is governed by the nondiagonal elements of the dielectric tensor, ij , responsible for the magneto-optical ͑MO͒ activity and whose value is controlled by the magnetic field, which in this kind of semiconductors turns out to be relatively high under the presence of moderate magnetic fields. However, for noble metals ͑such as gold and silver͒, the ones usually employed in plasmonics, extremely high magnetic fields ͑tens of Tesla͒ would be needed to obtain ij elements with a sizeable value, and therefore enough SPP modulation properties. Ferromagnetic metals, on the contrary, possess large MO activity associated with their magnetization and could be suitable elements for active plasmonics. Nevertheless, ferromagnetic metals present an important drawback in their high absorption, which implies that the associated plasmon resonances are too broad and the propagation losses happen to be too high. A feasible way to reduce such damping without losing MO activity is to combine noble and ferromagnetic metals, forming what we denote as a magnetoplasmonic system.
When a plasmonic material is combined with a MO active one, both the plasmonic and the MO properties of the resulting magnetoplasmonic system become interrelated. For example, in the Au/Co/Au system, the MO activity can be greatly enhanced when the SPP resonance is excited: 16, [18] [19] [20] [21] in this situation the light absorption is maximum and, for specific layer thickness, the electromagnetic field of the light is greatly enhanced at the MO active layer ͑Co in this case͒. This leads, respectively, to a reduction in the system reflectivity and to an enhancement in the magnetic component of the MO activity 16, 22 which altogether are responsible of the enhanced global MO response. Moreover, it has also been demonstrated that the SPP wavevector in Au/Co/Au trilayers can be modified by an external magnetic field due to its dependence with the off-diagonal elements of the dielectric tensor, which in turn are magnetic field dependent in these systems. 16 Most of the previous studies have been done by using Au as the plasmonic component of the magnetoplasmonic material. However, compared to gold, silver exhibits narrower and more intense plasmon resonances in the visible range due to its lower absorption losses and its higher plasmafrequency value. 23, 24 This makes silver an even better material candidate for the implementation of magnetoplasmonic materials, for instance, in sensing and telecom applications. However, the long-term chemical instability of silver represents a serious drawback against the actual realization of these devices. For example, drastic changes in the SPP resonance of Ag layers due to the formation of Ag 2 S over the Ag thin film exposed to room air have been reported. 25 To avoid this, a thin layer of a protecting material must be deposited on top of the Ag film as a capping layer, preventing Ag from deteriorating and therefore leading to a multilayer magnetoplasmonic system with improved plasmonic properties associated with the Ag presence. This approach has already been analyzed in the literature in the context of biosensors. 26 Directly dealing with magnetoplasmonic structures, a first attempt was carried out using Pt as capping layer of Ag/Co/Ag structures, but the high optical absorption of Pt and its poor protective performance against oxidation lead to modest MO activity enhancement values. 27 Obviously the best choice for capping layer would be a material with both good plasmonic properties and chemical stability, for which Au is one of the best candidates.
In this work we present a systematic study of the properties of Au capped Ag/Co/Ag trilayers grown by magnetron sputtering. Au and Ag layers thicknesses are maintained constant while the Co layer thickness is varied between 2 and 11 nm. Two main goals are sought. On one hand, to study the influence that surface-plasmon excitation has on the MO activity of Au capped Ag/Co/Ag trilayers as a function of Co thickness and compare it with previous results obtained for the Au/Co/Au system, therefore exploring the effect of substituting Au by Ag as plasmonic material. On the other hand, to study the modification in SPP wavevector ͑k SPP ͒ by the application of an external magnetic field due to the presence of a ferromagnetic counterpart in the structure. To reach these objectives, we have also performed a detailed characterization of the morphology, magnetic, optical, and magneto-optical properties of the fabricated structures.
II. EXPERIMENTAL AND THEORETICAL METHODS
Sample growth by dc magnetron sputtering was carried out in an ultrahigh-vacuum chamber with base pressure in the middle 10 −9 mbar range. A series of 5 029909nm Au/ 5 nm Ag/ X nm Co/ 7 nm Ag structures with Co thickness varying between 0 and 11 nm has been grown at room temperature ͑RT͒ over microscope slide glass ͑BK7͒ substrates. Additional structures, namely, 20 nm Au/Glass, 10 nm Au/20 nm Ag/Glass, and 10 nm Au/20 nm Co/Glass, were grown under the same conditions to extract the optical constants of Au, Ag, and Co. Prior to deposition, the glass substrates were ultrasound cleaned during 10 min in successive baths of deionized water, acetone and isopropanol. The substrates were outgassed at 150°C for 30 min and then let cool down to RT for deposition. Deposition powers of 20 W ͑Au and Co͒ and 100 W ͑Ag͒ were applied to the targets, and the Ar pressures were 1 ϫ 10 −3 mbar for Au, 3 ϫ 10 −3 mbar for Ag, and 6.6ϫ 10 −3 mbar for Co deposition, yielding deposition rates of 12, 10, and 2.8 nm/ min, respectively.
The surface morphology of the fabricated structures was characterized by atomic force microscopy ͑AFM͒. AFM images were taken using a Nanotec™ microscope operating in noncontact dynamic mode, i.e., with a mechanically modulated cantilever. Silicon cantilevers from NanoSensors™ with a force constant k =5 N/ m and tip radius of 10 nm were used.
Magnetic hysteresis loops at room temperature with magnetic field applied both in-plane and out-of-plane were obtained by Kerr measurements in transverse and polar configurations, respectively. The transverse Kerr loops were recorded by using a linearly polarized 532 nm ͑solid-state laser͒ light beam at 45°incidence angle geometry with the applied magnetic field in the film plane but perpendicular to the plane of incidence and measuring the variations in the reflected light intensity. In the case of the polar Kerr loops, linearly polarized 530 nm light at normal incidence was used with the magnetic field applied perpendicularly to the film plane, and the Kerr rotation angle and ellipticity of the elliptically polarized reflected light were measured.
Reflectivity ͑R͒ and transverse magneto-optical Kerr effect ͑⌬R / R͒ curves in presence of plasmon excitation were also measured with a p-polarized HeNe laser and the sample mounted on a glass prism in Kretschmann configuration. 28 The magnitude ⌬R / R is defined as
where R pp ͑+H͒ and R pp ͑−H͒ stand for the reflectivity ͑both incident and reflected light being p polarized͒ for maximum positive and negative applied field, respectively. The different elements of the dielectric tensor of the system ͑diagonal or purely optical as well as nondiagonal or magneto-optical͒ were obtained via combined spectral ellipsometry and Kerr effect measurements. Ellipsometry measurements taken with a M200FI J. A, Woollam Co.™ ellipsometer between 245 nm and 1.69 m, and with angles of incidence ranging from 45°t o 75º allowed extracting both real and imaginary parts ͑ 1 xx and 2 xx , respectively͒ of the diagonal elements of the dielectric tensor. Polar Kerr spectra 29 were measured between 290 and 840 nm with a maximum magnetic field of 1.6 T, to ensure that the sample magnetization is fully saturated. From the polar Kerr spectra, and knowing the diagonal elements of the dielectric tensor of the system, the real and imaginary parts of the nondiagonal elements ͑ 1 xy and 2 xy , respectively͒ can be calculated. Note here that our layers are polycrystalline without any preferred orientation and therefore we assume that the nondiagonal dielectric tensor elements are the same for all directions ͑ xy = xz = yz ͒. Simulations of the MO Kerr signal, with and without SPP excitation for such structures, were performed via transfer-matrix method using the actual dielectric tensor elements of the materials obtained from ellipsometric and polar Kerr spectra.
III. RESULTS
Here we first present the results dealing with the morphological, magnetic, optical, and MO characterization of the fabricated structures, necessary to understand the SPP effect on the MO activity of these systems, and the magnetic field effects on the SPP wavevector, presented in the second part of this section.
A. Characterization
Morphology
The morphology of the samples has been analyzed by AFM, a representative image is shown in Fig. 1͑a͒ . Mounds are clearly observed in the sample surface. The lateral size of the mounds is similar ͑typical width around 50 nm͒ for all the samples, but their height decreases as the Co thickness increases, as shown in Fig. 1͑b͒ for two representative topographic profiles corresponding to samples with 2 and 11 nm Co thickness. The profile of the glass substrate is also included as a reference. The substrate is rather flat, with 0.3 nm rms roughness, whereas the samples exhibit a deviation from ideal 2D growth, with mounds whose height varies from 5 nm for the 2 nm Co sample, down to 3.5 nm for the 11 nm Co one. Figure 1͑c͒ shows the evolution of the average height of the mounds as a function of the Co thickness. For low Co thickness, the height is rather constant. At 6 nm Co thickness a sudden decrease is observed and above such value the mound height continues decreasing although at a lower rate. Taking into account that all the samples have the same layers on top of the Co one, it can be assumed that the initial mound height is mainly due to the first Ag layer grown over the glass substrate and that Co grows preferentially onto the valleys. When the Co thickness reaches 5 nm, the actual surface is now flatter and a continuous Co thin film can be formed: as a result, the final height of the structures is notably decreased.
Magnetic characterization
Kerr hysteresis loops in polar and transverse configurations ͑sensitive to out-of-plane and in-plane magnetization, respectively͒ have been measured for all the samples. Figure  2͑a͒ shows the polar ͑left͒ and transverse ͑right͒ loops of representative samples. As expected, the MO signals ͑rota-tion angle in the polar configuration, changes in the reflected light intensity in the transverse one͒ increase with the Co amount. At a first glance, from the low saturation field and the high remanent magnetization for the transverse loops, compared with the high saturation field and low remanent magnetization for the polar ones, an in-plane magnetic anisotropy can be deduced for all the samples. More relevant information can be obtained by analyzing the evolution with the Co thickness of two of those properties, as depicted in Fig. 2͑c͒ : the polar saturation field H s p and the transverse coercivity H c t . For low Co thickness, H s p monotonously increases until 7 nm; above such value, it is almost constant. Taking into account the aforementioned assumption that Co preferentially grows in the valleys of the rough Ag surface, such evolution can be explained as follows: for low thickness, the Co layer is not continuous but formed of mainly disconnected islands. The applied magnetic field must overcome the demagnetizing field in the perpendicular direction of those islands to saturate them. As the thickness increases, some islands become connected and their effective demagnetizing field increases ͑the ratio between their lateral dimensions and their height increases͒. Finally, when all the islanded regions coalesce, a continuous thin film of Co is formed, so the demagnetizing field reaches a maximum value and does not change for increasing thickness in the nm range: as a result, H s p saturates. It must be noticed that such continuous Co film is rough and as a consequence the maximum H s p is lower than that expected for a completely flat thin film ͑17 kOe͒. Such explanation can also account for the evolution of H c t . Once the continuous Co film is formed, the magnetization reversal for in-plane field takes place by domain-wall nucleation and propagation. With increasing thickness above 7 nm, the continuous film becomes more homogeneous: the number of pinning points for the domainwall movement decreases and as a result H c t decreases. Finally, we would like to mention that the magnetic field needed to saturate the samples in the transverse configuration, which is the one used for SPP wave-vector modulation as will be shown in Sec. III B 2, is lower than 0.75 kOe ͑75 mT͒, a very easily achievable value for the characterization as well as for the development of applications.
Optical and magneto-optical characterization
As the optical and magneto-optical properties of thin metal layers are influenced by the growth conditions, we have extracted the dielectric constants of our films by means of spectroscopic ellipsometry and polar Kerr spectroscopy. The optical constants of Au, Ag, and Co and magneto-optical constants of Co were obtained from 20-nm-thick layers grown on glass substrates, where the Ag and Co were capped with a 10 nm Au protective film to avoid oxidation. First, the 20 nm Au/Glass thin film was characterized by spectroscopic ellipsometry, its experimental optical constants being then used for the determination of those of the Au capped Ag and Co layers. In Fig. 3 we show real and imaginary parts of the diagonal elements of the dielectric tensor determined in this way for ͑a͒ Au, ͑b͒ Ag, and ͑c͒ Co. Figure 3͑d͒ shows the magneto-optical constants of Co ͑real and imaginary parts͒, obtained from the experimental polar Kerr spectra of the mentioned 20 nm Co/Glass thin film.
Next, spectral MO characterization of the Au-capped Ag/ Co/Ag trilayers was carried out. In Figs. 4͑a͒ and 4͑b͒ we show polar Kerr rotation ͑͒ and ellipticity ͑͒ spectra for representative samples ͑11, 8, 5, and 2 nm Co͒. As expected, a gradual increase in the overall MO activity with Co amount is observed. The minimum of the Kerr rotation roughly corresponds to the Co plasmon position. The overall behavior of both Kerr rotation an ellipticity is well reproduced by a theoretical calculation based on continuous layers with sharp interfaces ͑Fig. 5͒, where the used optical and MO constants are those experimentally obtained from the 20-nm-thick layers ͑see Fig. 3͒ . However, the agreement is much better in 3 . ͑Color online͒ Optical constants and magneto-optical constants ͑real part 1 and imaginary part 2 ͒ of the metals composing the multilayers analyzed in this work, obtained by ellipsometric ͑optical constants͒ and polar Kerr ͑MO constants͒ spectra: ͑a͒ Au; ͑b͒ Ag; ͑c͒ Co; and ͑d͒ MO constants of Co. All the data have been extracted from 20-nm-thick films. In the case of Ag and Co, they were covered by a 10 nm Au layer to prevent oxidation. the visible range, where the Kerr rotation roughly scales with the amount of Co, than in the UV range. In particular, the dip in the rotation at around 3.7 eV for the thinnest Co layer is not well captured. To understand the origin of this dip and the overall disagreement between theory and experiment in the UV range, we have to keep in mind that the layers have certain roughness, implying that for low Co thickness the layer continuity may be lost and therefore a continuous layer model is not valid. Taking into account this fact we have simulated the effect of having a layer of Ag with large Co inclusions while keeping the same nominal Co amount. The result is a much more defined dip at around 3.7 eV ͑see inset in Fig. 5͒ which corresponds pretty well with the location of the experimentally observed dip. On the other hand the value of the Kerr rotation in the visible range is hardly affected.
Therefore we can conclude that the dip in the rotation observed at energies between 3.5 and 4 eV for the 2 and 5 nm Co sample is due to the bulk plasmon resonance of Ag since at such small Co thicknesses it is likely to have a not totally continuous Co film. This is supported by the disappearance of the dip upon increasing the nominal Co thickness.
B. Intertwined MO and plasmonic effects
In what follows, the analysis of the MO activity of the Au/Ag/Co/Ag multilayers upon SPP excitation is presented, followed by the study of the modification of the SPP wavevector when a magnetic field is applied. We present our experimental results and compare them with theoretical calculations using the optical and MO constants determined in the previous section. All this analysis is carried out in the transverse magnetic configuration that was detailed in Sec. II above.
Surface plasmon resonance effects on the MO activity
To study this first point, measurements of the transverse MO Kerr effect were carried out with and without SPP excitation. To excite the SPP we use the Kretschmann configuration 28 ͓see Fig. 6͑a͔͒ . When the reference value of the transverse MO Kerr signal without SPP excitation is needed, the measurement is performed with light coming from the air side, incoming from the left in Fig. 6͑a͒ , where SPP excitation is not allowed.
In Fig. 6͑b͒ we show the reflectivity versus incidence angle curve for the 8 nm Co sample as an example, together with the transverse Kerr signal ͑⌬R / R͒. The SPP excitation manifests itself as a minimum on the reflectivity at a specific angle of incidence ͑ min Х 44°here͒ above the critical angle for total internal reflection ͑around 41°in this case͒. The angle for SPP excitation corresponds to the matching between the in-plane component of the wavevector of the incident light and that of the SPP so the SPP wavevector ͑k SPP ͒ can be obtained from
where is the wavelength of the incident light in vacuum. The variation in reflectivity when applying opposite magnetic fields ͑⌬R͒ also exhibits a maximum in this angular region thus the transverse Kerr signal is characterized by a sharp resonancelike angular behavior at around 44°, i.e., when the SPP is excited ͓Fig. 6͑b͔͒. When the SPP is not excited ͓illuminating the structure from the left-hand side in Fig. 6͑a͒ , data not shown here͔ both R and ⌬R / R basically do not exhibit any angular dependence. It has previously been shown that the values for ⌬R / R in Au/Co/Au under SPP excitation conditions are one order of magnitude larger than those without SPP excitation 16, 19 due both to a simultaneous reduction in the reflectivity of the system and to an enhancement of the electromagnetic field at the MO active layer, i.e., the Co layer. For the specific case of 5 nm Au/5 nm Ag/8 nm Co/7 nm Ag, shown in Fig. 6͑b͒ , we obtain a 150 times enhancement of ⌬R / R.
We have carried out a systematic study of the ⌬R / R enhancement as a function of Co thickness in the series of Au/Ag/Co/Ag fabricated structures. Figure 7͑a͒ shows a compilation of the ⌬R / R versus incidence angle as a function of Co thickness. The characteristic resonancelike shape is observed for all Co thickness with a clear maximum in amplitude for 8 nm Co. By defining the maximum of the reflectivity variation, ͑⌬R / R͒ Max , as its maximum positive value ͓see Fig. 6͑b͔͒ we can quantify this magnitude, analyze it as a function of Co thickness, and compare it with the measured ⌬R / R in the absence of SPP excitation. The results are presented in Fig. 7͑b͒ together with the theoretically calculated values obtained using the optical and MO constants determined in the previous section. As it can be observed, when no SPP excitation is present, the MO signal exhibits the expected monotonous increase with Co thickness, with very similar experimental and theoretical values. This is in contrast with the already mentioned behavior when the SPP resonance is excited, where a maximum is observed at around 8 nm ͑experiments͒ and 6.5 nm ͑simulations͒ Co thickness, gradually decreasing for thicker Co layers. This behavior has been previously observed in Au/Co/Au ͑Ref. 16͒ and Pt-capped Ag/Co/Ag structures 27 and is due to the optimum excitation of the SPP at a specific Co thickness and the subsequent maximization of the electromagnetic field at the MO active ͑Co͒ layer for that thickness, therefore optimizing the enhancement of the MO activity. For higher Co thickness, the higher optical absorption of the system makes the damping to dominate preventing an optimal SPP excitation, leading to a reduction in the observed MO signal. As it can be seen in Fig. 7͑b͒ , the position of the maximum in the theoretically determined ͑⌬R / R͒ Max differs about 1.5 nm from the experimental one. Both deviations of the actual Co thickness with respect to the nominal one and the intrinsic interface roughness present in the actual structures, may be responsible for this difference. The observed MO enhancement in the Ag/Co/Ag can be compared with that previously obtained in the Au/Co/Au system, 16 exploring the effect of the substitution of Au by Ag and its associated improvement of plasmonic properties. In Fig. 7͑c͒ we show ⌬R / R versus incidence angle curves for optimum SPP excitation in both systems, i.e., 8 nm Co for the Au/Ag/Co/Ag structure and 5.5 nm Co for the Au/Co/Au. 16 Not only the value of ͑⌬R / R͒ Max is a factor of 5 larger in the Ag/Co/Ag structure compared to the Au/ Co/Au one, ͑10 −1 vs 2 ϫ 10 −2 ͒ but also the slope of the resonance in the area of SPP excitation is 20 times larger. This is due to the sharper plasmon resonance of Ag compared to Au, which comes from more negative real part of the dielectric constant of Ag at the working wavelength ͑633 nm͒. 1 This bigger slope has specially relevance in the MO surfaceplasmon resonance sensing applications, 6 where the slope of the resonance is the relevant parameter that may lead to enhanced sensitivity of the device.
Magnetic modulation of the SPP resonance
So far we have discussed the effects that plasmon resonances can play in the MO activity of structures where materials with good plasmonic and magnetic properties coexist. Due to the presence of the magnetic layer, the optical properties of this system no longer correspond to an isotropic system but to an anisotropic one which has to be described by a dielectric tensor with nonzero off diagonal components. It is known that the dispersion relation of SPP for anisotropic media also depends on these nondiagonal elements of the dielectric matrix. 17 Since for ferromagnetic metals these elements depend on the magnetization, the application of an external magnetic field can produce a modulation in the SPP wavevector. This modulation has also been recently observed in complex Au/Co/Au structures, 16 where the ferromagnetic material present in the structures contributes with large nondiagonal elements due to its MO activity, and therefore to a sizable modulation of the SPP wavevector at low magnetic fields.
An analytical expression for the SPP wavevector modulation in those complex structures cannot be obtained but a reasonable approximation can be reached when considering a very simple system consisting of a dielectric, a thin layer of ferromagnetic material, and a very thick layer of noble metal. Assuming that the MO element xz at saturation is much smaller than xx , it is possible to obtain the modification of the plasmon wavevector k SPP to the first order in xz as
where m and d are the diagonal elements of the dielectric tensor of the noble metal and the dielectric material, respectively. From this expression it is readily seen that the magnitude of the SPP modulation depends linearly on the values of the nondiagonal elements of the dielectric tensor and on the film thickness. The analytical expression provided in Eq. ͑3͒ gives an estimation on the order of magnitude of the modulation for the SPP wavevector in our multilayered system. However an exact way to obtain the values is to employ the transfermatrix formalism to calculate the reflectivity versus incidence angle curves with the sample magnetization saturated along opposite directions and then the variations in the reflectivity minima will provide us the SPP wavevector modulation. Figure 8͑a͒ shows the simulated reflectivity curves for 5nmAu/5nmAg/7nmCo/7nmAg/Glass structure at = 633 nm. The simulations exhibit an angular shift of the position of the minima due to the magnetic field, being the angular shift ⌬ = min ͑H + ͒ − min ͑H − ͒ on the order of Since the limited angular resolution of our experimental setup does not allow us to have direct access to the actual ⌬ values, we then compare the experimental ⌬R / R versus incidence angle curves with the angular derivatives of reflectivity normalized to the reflectivity ͓͑␦R / ␦͒ / R͔. In Fig. 8͑b͒ we show these two magnitudes for the 8-nm-thick Co layer, which exhibit a very close agreement both in shape and in intensity. The proportionality factor between ⌬R / R and ͑␦R / ␦͒ / R, taken as a parameter to adjust the amplitude of the curves, corresponds to ⌬, which in this way can be experimentally determined. In this case, the obtained value is ⌬ = 1.55͑10 −2 deg͒. We can now explore the evolution of the magnitude of the magnetic modulation of the SPP wavevector as a function of the Co thickness for the different fabricated structures. In Fig. 8͑c͒ we show the experimental and theoretical values of ͑⌬k / k͒ SPP for our Au/Ag/Co/Ag structures as a function of the Co thickness, together with those for a Au/Co/Au as in Ref. 16 . A monotonous increase in ͑⌬k / k͒ SPP with Co thickness is observed in both cases, with similar experimental and theoretical values, reaching a similar modulation value of 2.8ϫ 10 −4 for the maximum Co thickness ͑11 nm͒ for both Au-and Ag-based structures. This indicates that within the experimental conditions the main responsible for the SPP wavevector modulation is the magnetic material. Then again, being Ag a metal with smaller absorption that Au and therefore providing longer propagation distances, and since both metals confer a similar modulation potential, the use of Ag in the development of active plasmonic devices based on magnetoplasmonic systems appears to be a better option.
However, even within the simplest approximation given by Eq. ͑3͒, the modulation of the wavevector depends on the spectral dependence of the refractive index of the noble metal, the ferromagnetic metal, and the dielectric environment. Thus it would be interesting to explore the modulation considering different ferromagnetic components, such as Fe or Ni, as well as spectral dependences in future works.
IV. CONCLUSIONS
We have studied the effects of SPP excitation on the magneto-optical activity of Ag/Co/Ag trilayers as a function of Co thickness and compared them with previous results for the Au/Co/Au system. With SPP excitation, the MO transverse Kerr signal is 150 times larger when comparing with no SPP excitation for Ag/Co/Ag. This increase is associated with the enhancement of the electromagnetic field inside the Co layer due to the SPP. Moreover, the MO transverse Kerr signal enhancement is five times larger in the Ag/Co/Ag system than in the Au/Co/Au one. This is due to the lower optical absorption in the studied range and the sharper plasmon resonance of Ag versus Au. SPP wavevector modulation ͑⌬k / k͒ SPP is also studied for these trilayers obtaining values on the order of 10 −4 , similar to those obtained for Au-based structures, which pinpoints the important role of the magnetic layer on the SPP wave-vector modulation.
